When recording external fetal CTG, the nonstress test is negative in about 20 to 40 % of the recordings during the first 20 minutes [12, 14] . In those cases one must distinguish between physiological non REM sleep (NREM) of the fetus and a nonreactive pathological CTG. Three different methods have been recommended to differentiate these two states. 1. Recording time of the CTG is prolonged until the spontaneous sleep-arousal state has changed in the fetus and until the fetus has become more active. 2. A load is placed on the fetus, e.g. induction of labor during an oxytocin test. 3. External mechanical stimulation of the fetus via the abdominal wall of the mother which is expected to arouse the fetus [1, 3, 12] . FISCHER [3] states that by palpitations during limited undulating or silent CTG the sleeping fetus can be "aroused". Should the oscillation amplitude (macrofluctuation, prolonged variability) not increase after such a stimulus, the fetus is judged to be seriously impaired. LEE et. al. [8] also consider a lack of increase in motor activity in response to mechanical stimulation to be a pathological sign. RICHARDSON etal. [14] , on the other hand, recorded the CTG for 90 minutes and then applied a standardized mechanical stimulus for 30 seconds followed by a further 90 minutes of recording in 14 normal pregnancies. Another 3 fetuses in normal pregnancies were mechanically stimulated every 15 minutes for 3 hours. Except when extremely strong stimuli were applied, they found no changes in the oscillation amplitude of the CTG, no changes in fetal movements, in the number of respiratory movements or the duration of respiration. They conclude that mechanical stimulation does not increase the reactivity of a normal fetus. They explain the often observed increase in fetal activity as a spontaneous change of a physiological nature in the fetal sleep-arousal state due to the prolonged period of observation. These findings are in agreement with those of others [5] using electrical stimulation. This consistently causes short lasting respiratory movements but the sleep-arousal state of the fetus is not altered. We asked the following questions: 1. Can the fetus be aroused from a state of sleep by mechanical stimulation, i.e. be shifted into a state of increased activity? 2. Is external mechanical stimulation of the fetus with abnormal CTG or nonreactive stress test capable of throwing further light on the fetal state? 1 A thick line underneath the curve of uterine pressure = respiratory movements, not evaluated in this study.
A thick arrow above the same curve = 5 seconds of mechanical stimulation of the fetus.
• A thick interrupted line above the curve = marks the statistical control, no stimulation.
Notes in italics during the recordings: st. = stimulation n. = marking without stimulation <fi = no fetal movement '+, ++> +++ = one or more fetal movements in response to stimulation DoPPLER ultrasound (sonotachocardiogram). The HEWLETT-PACKARD CARDIOTOCOGRAPH 8030 was used. Fetal movements were observed simultaneously and visually using ultrasound B (SONO-DIAGNOSTIC R, PHILIPS) and were recorded on the cardiotocogram by pressing a key. Recordings were made between 7 and 9 p.m., i.e. 1-3 hours after the evening meal. The woman lay partially on her side or completely so, if she so desired. A supine position was also acceptable. In some cases the position of the patient changed during the recording without any effect on the CTG or the fetal state. No signs of a vena cava syndrome were ever observed. The age of the fetuses was between 32 and 42 gestational weeks. The average time of observation was 56 minutes, the range being 25 to 120 minutes. In one case only, we interrupted measurements after 16 minutes, since the fetus was heavily damaged and we did not want to endanger it further. Mechanical stimulation consisted of forcefully shaking the fetal head for 5 seconds by hand controlled by ultrasound. Stimulation was recorded on the uterine pressure curve of the CTG. Fetal' movements, accelerations and decelerations of the cardiac frequency were considered to be due to the stimulation if they occurred within 5 seconds after the end of the stimulation. In addition a 5 second mark was made on the CTG without being followed by stimulation. This mark served as a statistical control. We evaluated the same fetal reactions as those following stimulation, if they occurred within 5 seconds after the end of the mark. The X square test was used for statistical evaluation. Α ρ < 0.05 was considered to indicate statistical significance.
An acceleration was considered to have occurred if the heart rate was raised by 15 bpm for at least 15 seconds. Deceleration' was separated into 2 groups. In one the typical spiked Dip 0 were seen. In the other deceleration was variable and is normally found only during labor or fetal movements [8] . This is shown in Figs. 1 , la, Ib, 2 and 3. These decelerations were taken into account only if the heart rate dropped by at least 15 bpm for a minimum of 20 seconds. Only combined movements of the trunk and extremities were considered as fetal body movements. Occasional movements of one extremity only and respiratory movements were not taken into account. The fetal state of sleep-arousal was judged as described by JUNGE [6] . NREM sleep occurred when the oscillation amplitude in the CTG was smaller than in the two other states and when there was no fetal movement [15] (Fig.4) . Entry into the phase of REM sleep was considered to occur when larger oscillation amplitudes and irregularly occurring accelerations, caused by fetal body movements, were registered (Figs. 4 and 5) . The fetus was considered to be "awake" when motor activity was high and when the CTG showed varied sequential accelerations with an elevated basal rate (Fig. 5) . The reliability of this division into sleep-arousal states by this technique will be discussed later. Since the oscillation amplitudes, accelerations and fetal movements are all altered during fetal distress the fetal sleep-arousal state was evaluated for a normal CTG only. This, we believe to be impossible for a pathological CTG. A score of 8 or more points according to FISCHER [3] This, however, is valid only if the fetus was not in distress and if it had a normal CTG, and is in agreement with the results of others [5, 14] . Actual arousal by stimulation during NREM sleep was found in only 6.5%, in REM sleep in 6.1%. This is statistically more frequent than arousal occurring spontaneously without stimulation, when it occurs in only 1.8%.
However, mechanical stimulation results in 68.5 % of NREM and 75% REM sleep in short lasting fetal responses (dip 0, movement or only acceleration of the heart rate) interrupting for several seconds the continuity of the fetal state. Our technique cannot distinguish between the different states of arousal [13] . It is also not possible to distinguish the REM sleep in this short period from a short lasting state of arousal using body movements which normally accompany accelerations of the heart rate. This state of arousal has been termed "state 4" [13] in the newborn, which is awake with open eyes and head movements, and movements of the torso and extremities.
This impossibility was discussed by JUNGE [6] who hence mentions "state 2/4". Such a distinction can be made using polygraphic recordings in the animal fetus [5] and in human newborns [13] -for further references see [6] -. We consider the analogical conclusions regarding the regulation of the fetal sleep-arousal state sufficiently persuasive as they apply to the human fetus as judged from fetal movements and the CTG. We evaluated only clear arousal states with increased motor activity as compared to REM sleep and judged the overlapping accelerations in the CTG as such. Fetal respiratory movements were also taken into consideration but were not evaluated in this study. All other periods of movement with acceleration after fetal stimulation, if they occurred within the typical REM sleep picture, were included in this picture. We consider it as unlikely, but cannot exclude it, that after stimulation in REM sleep the fetus is transiently aroused during movements and is then promptly returned to the sleeping state. This does not affect the conclusions concerning CTG evaluation.
On the whole, we found that about 30 % of fetuses do not react to mechanical stimulation. This is the same for normal and pathological CTG. We could not confirm the claim [3, 8] that the absence of a fetal reaction to mechanical stimulation indicates a pathological state. We could not distinguish the different sleep-arousal phases in the fetus during fetal distress using our technique. In pathological CTG the fetus responds with decelerations in 41.2%. Some of these showed different forms and were more or less accentuated and were thus similar to the variable decelerations during labor. They occurred in 19.0%. Their cause could not be determined. It is possible that -mechanical stimulation simultaneously evokes uterine contractions (they could be demonstrated in 2 out of 12 cases), -direct or indirect effect on the umbilical cord, occurred, -this is a typical cardiac reaction of an irritated fetus with limited compensatory capacity (placental insufficiency).
As for as we know this has not been reported in the literature. However, the response of the stimulated fetus with dip 0 occurred with 22.2% in the pathological CTG significantly more frequently than in the normal CTG (4.8 %, REM + NREM). Our own data and those of others [2, 10, 11] suggest that physiological NREM sleep may occasionally last longer than 30 minutes. Neither respiratory nor body movements need occur during that time [11] . This signifies a pathological result of the nonstress test on the FISCHER score (fewer than 8 points) in the external antenatal CTG if the fetal state is not taken into account. No accelerations are found in the CTG and the oscillation amplitude (macrofluctuations) falls below 10 bpm (narrowing of the band width). We suggest that in order to differentiate between physiological sleep (NREM) and fetal distress with limited compensatory capacity (both lack accelerations, show diminished oscillation amplitudes) one should apply both mechanical stimulation (1-3 χ for 5 seconds each of the head, [1, 3, 8] [2, 6, 7, 10, 11] for an assessment of the fetal CTG is sufficiently taken into account.
Summary
Several authors have recommended [1, 3, 8, 12 ] that the fetus be mechanically stimulated if the abdominal pregnancy CTG shows no accelerations. One expects the fetus to show a motor response to mechanical stimulation. Fetal movements expressed as accelerations in the abdominal CTG are considered to reflect "arousal" of the previously asleep fetus and are thought to be normal. An absence of such a response in considered by some as a sign of pathological fetal changes [3, 8, 12] . Others, however, have found that the normal non-stressed fetus need not change its sleep-arousal state after mechanical stimulation [5, 14] . An attempt was made to clarify this in the present work. We studied the CTG recordings and the ultrasound pictures in 63 pregnancies in a total of 83 cases for an average of 56 minutes. Fetal movements were marked by pressing a lever on the labor pressure chart. The fetus was mechanically stimulated by shaking its head manually for 5 seconds. Control recordings were also made, when the fetus was not so stimulated.
The following results were obtained: 1. With a normal CTG (reactive nonstress test, FISCHER We conclude score 8-10 points) Mechanical stimulation led to no changes in 87 % of NREM sleep and in 93.9% of REM sleep. A change to a more active state (REM sleep + arousal) due to stimulation was found in 13 % of NREM sleep, which is significantly more frequent than the 2.9 % found when no stimulation occurred. A change from REM sleep to arousal was found in 6.1 %, not significantly different from 1.8 % found without stimulation. Short-lasting reactions to mechanical stimulation included movements, acceleration of fetal heart rate and dip 0. These reactions were equally frequent in REM and NREM sleep, i.e. 75% and 68.5% respectively.
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These reactions occurred by chance less frequently, in 14.5 % of cases in REM and in 3 % of cases in NREM sleep (Tab. II). The occurrence is significantly higher in REM than in NREM sleep. 2. In a pathological CTG (FISCHER score 7 points or less) our technique does not permit us to distinguish the different sleep-arousal states. Only the shortlasting response to mechanical stimulation of the fetus was hence evaluated. Mechanical stimulation resulted in a fetal response in 19% with decelerations of variable expression (Figs, la, Ib, 2, 3) similar to the variable decelerations observed during labor. These decelerations occurred only together with other signs of fetal distress in the CTG. The rate of dip 0 occurrence following mechanical stimulation with pathological CTG present was significantly higher (22.5 %) than when the CTG was normal (4.4-5.3%). The same percentage of cases with normal or pathological CTG showed no reaction at all, 28.6% for pathological and 25-31.5% for normal CTG.
1. that the absence of a fetal response to mechanical stimulation gives no information regarding the state of the fetus; 2. that the occurrence of variable decelerations in response to mechanical stimulation of the fetus is a pathological sign. Hence the mechanical stimulation of the fetus in the non-reactive nonstress test may be of some value; 3. that a change from a sleep phase into an arousal phase following mechanical stimulation of the fetus is only rarely attained.
Zusammenfassung
Reaktionen des Feten auf äußere mechanische Stimulation Werden im Rahmen der fetalen Überwachung in der Schwangerschaft im abdominalen CTG keine Akzelerationen gefunden, so wird von einigen Autoren empfohlen, den Feten mechanisch zu stimulieren [l, 3, 8, 12] . Es wird erwartet, daß im Anschluß an die Stimulation der Fet motorisch aktiv wird. Der Nachweis der fetalen .
Körperbewegungen, die sich im abdominalen CTG als Akzelerationen ausdrücken, wird als "aufwachen" des zuvor schlafenden Feten und normale Reaktion gewertet. Ein Ausbleiben dieser Reaktion wird von einigen Untersuchern als Ausdruck eines pathologischen fetalen Zustandes angesehen [3, 8, 12] . Demgegenüber haben andere Untersucher gefunden, daß auch der normale Fet, der sich nicht unter den Bedingun-gen eines Distress befindet, durch die mechanische Stimulation seinen Schlaf-Wach-Zustand nicht ändert [5, 14] . Mots-cles: C.T.G., mouvements foetaux, stimulation mecanique.
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